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ON THE CHROMATIC DIFFUSION HALO AND 
OTHER OPTICAL EFFECTS EXHIBITED 
BY PEARLS 


By Sim C. V. RAMAN AND D. KRISHNAMURTI 
(Memoir No. 52, from the Raman Research Institute, Bangalore) 


1. INTRODUCTION 


THE present paper concerns itself with the optical phenomena observed when 
a pearl is illuminated by a light-source of small angular dimensions and is 
viewed in the reverse direction. They were briefly reported upon these 
Proceedings' but will be described and discussed rather more fully in the 
present communication. It appears worthwhile doing this, for, as was 
explained in the earlier paper, it is these phenomena that make the pearl 
appear So attractive an object. when illuminated by extended light-sources. 


As is well-known, the material of the pearl consists of an immense 
number of tiny crystals of aragonite held in an encompassing network of 
conchyolin. In the previous paper, the details of this structure and its 
optical behaviour have been discussed in detail and it is therefore not neces- 
sary to traverse the same ground here. The photographs reproduced as 
Figs. 21 and 22 in Plate XXVI are however of interest, as they illustrate the 
conclusions there stated. Figure 21 is an enlarged view of the shell of a 
cultured pearl as observed between crossed polaroids in parallel light. It 
was prepared by grinding down a fragment of the shell into a flat thin plate 
and mounting it in canada balsam between glass cover slips. From the 
birefringence pattern seen in the photograph, it is evident that the material 
consists of successive layers of approximately spherical shape superimposed 
on each other. However, the extinctions are far from being uniform, nor 
are the rings regularly spaced, thereby indicating that neither the optic 
orientation of the crystallites nor the spacing of the successive layers is 
completely regular. Figure 22 exhibits a small region of the same prepara- 
tion as seen under a microscope between crossed nicols in parallel light; the 
approximately linear arrangement of the crystallites is well shown. 


2. Some GENERAL OBSERVATIONS 


It is obvious that a material consisting of discrete crystallites would be 
optically turbid and would strongly diffuse the light traversing it. The 
explanation usually given of the lustre of pearls as due to internal reflection 
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and/or diffraction at the surface ignores this feature and is totally inadequate, 
Actually, we observe three distinct effects: (a) the reflection and diffraction 
of light by the stratifications; (b) a chromatic diffusion halo which sur- 
rounds the direction of reflection; and (c) a diffusion of light through large 
angles consequent on a “ whispering gallery effect”. It is the co-operation 


of these three phenomena that results in the characteristic lustrous appearance 
of the pearl. 


Figures 1, 2, 3 and 4 in Plate XXII illustrate all the three phenomena 
referred to above. They are photographs of a natural pearl illuminated by 
a light-source of small angular dimensions and viewed in the reverse direc- 
tion. The pearl was not perfectly spherical and in consequence, the four 
figures which were recorded in slightly different settings of the pearl show 
recognisable differences. In Fig. 1, we observe a single spot at the centre 
and this is surrounded by a diffuse halo. In Figs. 2, 3 and 4 we observe 
two, three and four bright spots respectively, as also a diffuse halo which 
has its maximum intensity in the vicinity of the last of the spots. Outside 
the halo, there is a general luminosity which has its maximum intensity at 


or near the spherical periphery, thereby making the latter appear very clearly 
visible. 


Before we proceed to describe and discuss these effects in detail, it should 
be remarked that they have their analogues in the phenomena observed 
and described by one of us many years ago” * in the case of the iridescent 
molluscan shells. But there are differences consequent on the fact that we 


are now concerned with strongly curved layers instead of plane or nearly 
plane stratifications. 


3. THE REFLECTION-DIFFRACTION SPECTRA 


The optical effects arising at the surface of a stratified medium depend 
on the angle at which its layers meet the external surface, as also upon the 
actual configuration of that surface. In the particular case when the stratifica- 
tions are perfectly parallel to the external face, the incident light-waves would 
be reflected at that face and also at each of the boundaries between the suc- 
cessive strata. Since these surfaces are curved in the present case, such 
reflections would result in a well-defined image of the source being visible 
when the pearl is viewed through a suitably held lens. The image would 


exhibit colour consequent on the mutual interference of the reflections from 
the successive boundaries. 


If the stratifications of the material meet its surface at an angle, the 
external boundary would present the aspect of a diffraction-grating, and if it 
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is sensibly corrugated, would give rise to a series of diffraction spectra with 
more orders on one side than on the other. As was shown in the case of 
iridescent shells and illustrated by a series of photographs in a recent paper 
by the present authors,* the sequence of spectra thus resulting would include 
the light internally reflected by the layers of the material as one of them, 
ysually the last of the series. Further, the order of that spectrum would be 
the order of the interference of the reflections from the successive strata. 
In the present case, we are concerned with a convex diffraction grating and 
the spectra to which it gives rise would be focussed by a lens to a series of 
spots or streaks. 


The foregoing consequences of the theory are in agreement with what 
is actually observed and are illustrated by Figs. 1, 2, 3 and 4 in Plate XXII 
already referred to. In the case of cultured pearls of good quality, the 
stratifications are usually so nearly parallel to each other and to the external 
surface that the separation of the different orders in the reflection-diffraction 
spectrum is very small. Careful focussing is then necessary to enable them 
to be seen clearly separated. 


4. NATURE AND ORIGIN OF THE CHROMATIC HALO 


We may here appropriately refer to the phenomenon? of the body colour 
exhibited by nacreous iridescent shells when illuminated and observed in 
directions other than of the internally reflected light. This body colour is 
most vivid in directions not too remote from that of the internal reflection 
and then exhibits a complementary tint. It fades away in intensity and also 
changes colour as the direction of observation is further removed from that 
of regular reflection. The angle of incidence of the light on the surface of 
the material influences the colour of the internal reflection as also the body 
colour, but their complementarity when viewed in adjacent directions 
persists. 


The chromatic diffusion halo exhibited by pearls is a phenomenon of 
the same general nature as the body-colour of nacreous shells referred to 
above, but the shape of the pearl and the curvature of its reflecting layers 
have important consequences. When the pearl is illuminated by a light- 
source of small angular dimensions and is viewed in the opposite direction, 
the angle of incidence of the light on the surface alters progressively from 
the centre outwards, and the light rays reaching the observer also make 
increasingly larger angles with the normal to the surfacé. Hence, what is 
observed would be an ensemble of effects; at the centre, the internal reflec- 
tion would appear as a bright spot, and surrounding it would appear the 
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body colour with its intensity and tint changing progressively from the centre 
outwards consequent on the changing angles of incidence and observation, 


The foregoing analogy between the chromatic diffusion halo of pearls 
and the body colour exhibited by iridescent nacre enables us to predict various 
features of the former phenomenon. The diffusion halo should in the 
immediate vicinity of the reflected light exhibit the complementary colour. 
Then again, the larger the pearl the greater would be the apparent size of the 
halo as observed on its surface. If the pearl is not spherical in shape, but 
has a different curvature in different planes, we should expect the halo to 
spread further out from the centre in the plane of least curvature. Com- 
plications may also be expected if the stratifications of the material are not 
parallel to its external surface. For, instead of a simple reflection we would 
then have streams of diffracted radiations emerging in different directions 
and these would be superposed on the diffusion halo, thereby modifying 
the effects observed. Hence, the chromatic diffusion halo is best studied 
with pearls in which the separation between the various orders of the refiec- 
tion-diffraction spectrum is either zero or very small. 


The origin of the chromatic diffusion halo is evidently to be sought for 
in the fact that the reflecting layers in the pearl are not optically continuous 
but consist of individual crystallites of aragonite held together in a network 
of conchyolin. Each crystallite would therefore function as a diffracting 
particle, and the light returned by an individual layer would not be confined 
to the direction of geometric reflection, but would be spread out over a cone 
whose angular dimensions would be determined by the size and shape of 
the individual crystallites. The distribution of intensity of the diffracted 
rays within such cone would necessarily also be modified by the interference 
of the rays diffracted by adjacent crystallites. The manner in which the 
crystallites are disposed in the individual layers would therefore also have 
to be considered. The grouping of the crystallites in parallel linear rows 
which appears to be a common feature in cultured pearls (see Fig. 22, 
Plate XXVI) is a factor which needs to be taken into account in this connec- 
tion. We may, in fact, expect to find that the arrangement of the crystallites 
in parallel and roughly equidistant rows would give rise to specific features 
in the chromatic diffusion halo, as it actually does in the diffusion haloes 
observed in transmitted light.1 Finally, we have also to consider that the 
light emerging from the material is not a simple summation of the light 
diffused by successive layers. The progressive changes in phase and intensity 
of the incident light as it advances into the material and the mutual inter- 
ferences of the radiations diffused backwards by the successive layers would 
have to be taken into consideration. Indeed, it is only on some such lines 
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that we could hope to explain the complementarity of colour in adjacent 
directions of the reflected and diffused radiations. 


5. SOME ILLUSTRATIVE EXAMPLES 


Reproductions in natural colour would be necessary to exhibit the 
beauty of the chromatic haloes of pearls in a satisfactory manner. However, 
by using panchromatic films and when necessary also colour filters, it has 
been possible to obtain pictures which show a fair degree of photographic 
contrast and exhibit the characteristic features of the halo. Twelve such 
photographs showing typical examples are reproduced as Figs. 9 to 20 in 
Plates XXIV and XXV. Individual figures amongst them illustrate the 
various features referred to above. For example, the influence of the shape 
of the pearl on the configuration of the halo is shown clearly by the circular 
haloes reproduced in Figs. 9, 10 and 13 which were obtained with spherical 
pearls. On the other hand, Fig. 11 which exhibits an elliptic halo was 
recorded with a spheroidal pearl, its major elongation being in the same 
direction as the elongation of the halo itself. Figure 14 which was recorded 
with a barrel-shaped specimen exhibits a certain amount of parallelism with 
the shape of the pearl. A characteristic feature which frequently appears is 
a bar of diffuse radiation along a diameter of the halo having the same colour 
as the iridescence,. while the curved arcs on either side exhibit the comple- 
mentary colour. A distinct concentration of intensity is also generally seen 
in such cases at the two ends of the bar. Figures 11, 15 and 16 exhibit these 
features and it seems highly probable that they are a consequence of the 
arrangement of the crystallites of aragonite in linear rows perpendicular to 
the direction of the bar observed. 


A certain measure of optical perfection in the stratifications of the pearl 
and of its surface is necessary in order that the halo be regular and exhibit 
vivid chromatic effects. Irregularities show up quite prominently in the 
character of the diffusion halo. A typical example is Fig. 19 which shows 
a patchy appearance. Cases are also not lacking in which the halo exhibits 
comparatively little colour. In such cases the reflection also exhibits little 
iridescence, suggesting that these features are interrelated. 


The diffusion of light which manifests itself in the chromatic halo clearly 
plays an important role in the general appearance of a pearl. It extends 
over a substantial area of the pearl and hence when the illuminating source 
is also of extended area, the reflected and diffused streams of radiation over- 
lap. Thus, an observer would no longer perceive sharply defined images 
of the external luminous objects but would instead regard the pearl itself 
as a lustrous object. The complementarity of the colours of the reflected 
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and diffused radiation would compensate each other and result in a silvery 
white lustre. 


6. THE WHISPERING GALLERY EFFECT 


Figures 5, 6, 7 and 8 in Plate XXIII recorded with a natural peal 
exhibit ‘a noteworthy phenomenon characteristic of pearls. They illustrate 
the fact that light incident on the surface of the pearl in any direction diffuses 


around within the material in the plane of the stratifications with very littl 
loss. 


Figure 5 illustrates a case in which a narrow pencil of light was incident 
normally on the pearl and the latter was viewed from the remote side in the 
opposite direction. It will be seen that the pearl nevertheless appears lumi- 
nous, the periphery being much brighter than the centre. Hence the effect 


observed does not arise from a penetration of the light through the body 
of the pearl. 


In Fig. 6, the light was incident almost normally on the surface of the 
pearl in a direction transverse to that in which it was observed. The actual 
area of illumination was small and was located just behind the bright edge 
seen in the figure. It is evident from the photograph that the light has travelled 
along the periphery of the pearl in all directions transverse to the direction 
of incidence of the light. The slow fall in intensity of the apparent lumino- 


sity of the pearl as we move away from the illuminated spot is a noteworthy 
feature. 


In Fig. 7, the illuminating pencil grazed the surface of the pearl hori 
zontally at a point a little to the rear of the top of the picture. A remark 
able feature of this photograph is that it exhibits no very marked asymmetry 
of illumination to the right and to the left. The fall of intensity of the 
luminosity from the top to the bottom of the picture is quite slow. 


Figure 8 was photographed in the same circumstances as Fig. 5 except 
that the illuminating pencil grazed the surface of the pearl instead of falling 
on it normally. Here again, it is significant that there is little difference 
in intensity between the right and left halves of the picture. 


The spherical shape of the pearl plays a not unimportant role in these 
phenomena, but it is not the essence of the matter. Long ago, it was shown 
by one of us® that when light falls on a plane nacreous shell, it diffuses far 
more freely in directions parallel to the stratifications than normal to them. 
We need not here enter into an explanation of this fact, but will content 
ourselves with pointing out that essentially the same property of the nacreous 
substance operates in the case of pearls, enabling light falling in any direction 
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The reflection-diffraction spectra of a natural pearl. 
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The lateral diffusion of light in a natural pearl. 
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The chromatic diffusion halo in cultured pearls. 
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The chromatic diffusion halo in cultured pearls. 
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Illustrating the structure of the material in a cultured pearl, 
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on any part of the surface to find its way around with relatively small 
attenuation, thereby making the pearl visible even in regions where no light 
is directly incident. 

7. SUMMARY 


The paper discusses the origin and character of the coloured diffusion 
halo exhibited by pearls surrounding the reflected image of a light source 
seen at their surface. Twelve photographs illustrative of various types of 
halo are reproduced. Other aspects of the optical behaviour of pearls are 
also described and discussed with illustrative photographs. 
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1. INTRODUCTION 


IN a previous paper* with the same title as this, I obtained an inequality 
between the partial sums of a series 2a, of real or complex terms and 
the Dirichlet-series transform of 2 a, given by 


F (t)=Zage", t>0,0<4,< A, < ..., A, > ©, (1.1) 


assuming that, as n -> 0, 


QnA, __ “ai a 
a — O (1), An An1= O (1). 


More precisely I proved that, corresponding to a limit point z’ of the sequence 
of partial sums of 2 ay, there is a limit point z” of F(t) as t + + 0 such that 


jz — 2" |<p limsup | 40! An. (1.2) 
n->COo 1 nN-1 


where p is a constant whose best (i.e., least) value is 


pPi=y t+ loglog2+ 2 / e- x-1 dx, y=Euler’s constant. (1.3) 


log 2 
Previously R. P. Agnew! had obtained the above result for the case ’,=n" 


and my treatment of the more general case was, in fact, based on 
Agnew’s work. 


In a subsequent paper? (Theorem 1) I obtained an inequality exactly 
like (1.2) between the limit points of 


A(u)= f[ a(x) dx 


9 
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as u > co, and those of a certain integral transform 


F(t) = f $(ut)a(u) du, t >0, 


as ¢ > + 0, assuming that ua (u)= O(1) as u > oo. My inequality featured 
a constant T (a, 2)* involving ¢ and a parameter a >0, and having a 
unique absolute minimum (for a > 0) which reduces to the p, of (1.3) when 
$(u) = e-“ and which turns out to be the best possible in the same sense that 
p, is the best possible value of p in (1.2). This best-possible character of 
the minimum of T (a, 2) was proved by Agnew who also relaxed some of 
my conditions on ¢(w) in a later paper.” Independently of Agnew’s later 
paper, I had extended the best form of (1.2), with p=p,, to a series-to- 


function transform ®,(f) which includes the F(t) of (1.1) and is defined 
as follows: 


®,(t) = F dnd (Ant), t > 0, 0 < Ay < Ag < ..., An > 0, (1.4) 


where $(u) is subject to the following standard conditions’ (pp. 29-30, 
example (D): 
¢(u= f ib (x) dx, 


#(u) > 0, f (uw) | logu| du < co, / ys (u) du= 1. 


Since my extension to ®,(f), of the best form of (1.2) in which p=p, has 


ben merely stated without proof® (p.419) a proof of it is now recorded 
in order to make my earlier discussion in these Proceedings* complete. 


2. TWoO THEOREMS AND LEMMAS 


The extension to the ®,-transform, of (1.2) by itself, without any con- 
sideration as to the value of p for which it becomes the best possible, is an 
immediate consequence of the following theorem which H. Delange estab- 
lished® (Théoréme 4) with conditions on ¢(u) more general than (1.5) 
and which I derived® (§2) from somewhat different considerations applicable 


also to the Borel transform of a series 2a, in which Gn\/n=O(1) as 
n > co. 


THEOREM C.—Let ®,(t) be defined as in (1.4) with ¢ (u) satisfying (1 an 


* T (a, 2) is the same as the constant 7 (a) defined in (2.3) of this paper, 
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9 An bases An 1 An 2 
( P \n ) Ani I, j ( 
Then 


lim sup |®,(t)— Y a,|<7 (a) lim sup J an | An (2.2) 


An <a/t n> n n=1 


where a is positive constant and 


t(a)=a io (au) | log u | du= fa — ¢ (u)} wu du+ I$ (u) udu. (2.3) 


The conclusion (2.2) is the best possible on our suppositions since the 
equality sign in it cannot be omitted. 


Theorem C is, in fact, a generalization of Theorems A, B of the paper* 
(“‘ Postscript ’”) to which this is a sequel. A simple argument®( §3, p. 541) 
shows that Theorem C includes part (i) of the main result of the present 
paper: 


THEOREM D.—/n Theorem C, suppose that a, >0 exists such that 
$(a)=4, dU) >t for0 <u <a, dU) <3} foru>ay,t (2.4) 


this supposition necessarily implying that 7 (a) defined by (2.3) has a unique 
absolute minimum 7, when a=a,. Let £ denote the set of limit points of 
Z\,<x Gn aS X > co and £4 the set of limit points of ®,(t) as t + + 0. 


Then 
(i) to each z' E £& corresponds a z” E £4 such that 
| z’ — 2" |< 7, lim sup ban | an , (2.5) 
n->co 1) N-1 
(ii) 7, in (2.5) cannot be replaced by a smaller positive number, i.e., more 
precisely, given {Ay} such that A» — A» > k > 0, we can construct a series 


= ay, which satisfies the Tauberian condition in (2.1) and falsifies (2.5) when 
t, is replaced by 7) — «, € being any small positive number. 


While the proof of Theorem D (i) requires nothing more than Theorem C, 
that of Theorem D (ii) requires two other results stated below as lemmas. 
Lemma I is obvious enough to need no proof. Lemma II is borrowed 


t Asimple condition sufficient for (2.4) is that % (uy) > Ofor0 q u <1. 
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from Agnew? ( pp. 512-14) for the reason that it effects a considerable 
simplification in the proof of Theorem D (ii)f. 


LemMA I.—If f (x) is positive, monotonic decreasing, and if {A} is the 
sequence in (1.4) subject to the additional condition ry» — An_, < K, then 


n An 
—s K f (Ay) < a (A, ik Ay) S (A,) pe fF) aX < 0. 


LemMA II.—Conditions (1.5) and the existence of a, satisfying (2.4) 
ensure the existence of a A, corresponding to any given €, > 0, such that, for 
A> Ay 


f ¢ (u) u-! du — Zz 7” (u) u du (x > 0) 
aiX 2 


< €)+log A— / 7 —¢ (u)} u* du— i (u) u-! du= ey+log A—7, . 


3. A SPECIAL SERIES AND ITS @)-TRANSFORM 


A special series for use in the proof of Theorem D (ii), very much like 
another series constructed in the first part of this paper already published® 
(Lemma 5), is discussed in the next lemma. 


Lemma III.—Let {A,,} be a sequence such that 
0< ry < Ag < ...5 An > 00, An — Ang >K>O. 
Let €, be an arbitrarily small positive number. Then we can construct a series 


ya, (p)=O+0...0+ Ep + x ‘— Aya 


v=pti A, 


m X,—A 
Et 5-05 
veqtl vp 

ae m a 
ipa — Beata BN des 


v=pti v veqti A, 


where 


P=P (€o), G= 4 (€, P; d), m= m (é€q, q; a), A= A (eq), 


{ My original (unpublished) proof of Theorem D (ii), which did not make use of Lemma Ij 
was more cumbrous than the proof given in this paper, 
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p and X being such that 


(3.2) 


Ea, (p) <log A + 2€,(n=1, 2, ...) ya, (p) >logd—e,, (3.3) 


v=1 


and ®(t, p), the ®,-transform of X ay (p) whose kernel ¢ (u) is subject to (1.5) 
and (2.4), satisfies the inequality 


® (t, p) < 7eg + logA+ 7, r>0, (3.4) 
where 7, is the constant defined in enunciations of Theorem D and Lemma II. 


Proof.—A series 2 a,(p) defined as in (3.1) and satisfying (3.2), (3.3), 
(3.4) may be obtained as follows. Choose a positive «, <1 such that 


+ & (l + 4) 4 


l— ¢«, 


(3.5) 
Also, choose a positive integer N such that 


k (1 — €,) < An — Ang < K(1 + «) forn > N, (3.6) 
and then p> WN such that 
~ 2k ~ kU + 4) 


p - 
Eo £9 


A (3.7) 


Next choose A > 1/e«, such that 


z CN 
[ow ut du— [eur du < €9 + logA— 7, (3.8) 
aid e 
this being possible by Lemma II. Afterwards choose the least integers 
qg. m such that 
A+ k( md €,) 
D 
mon kt ed. 7 
q Aq 


In the series a, (p) specified in the last paragraph we can use Lemma | 
for each of the two sums composing £, and write 


Ag Nes 
tp=— f dxixt+Ip+ f dxlx—Iq (3.10) 
Np Ng 
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where Jp, Ig are such that 


k(l + «) 
Ap 


et 


k (1 + ¢€;) 
| Ip |< “2 “— 


Hence 


Amid 
lfpl< [log sm] + Vp! + lal 


k(1 + &) k(i+e«e) , KU + 4) 
l d-+ ——— 2 ‘ 
< log {f+ y+ ot. 

by (3.9). From (3.11) we get first, using (3.7), 


_k(+ 4) k(1 + «&) k(1 + «&) 
léinl< Ap +2 Ap <3 Ap 


<i. WwW 


and then, using the fact that n=p satisfies (3.7) and that A,/Ag < I/A 
by (3.9), 


Ap| &p | k(1 + &) 


k(1 + «&) k(1+ «). 
Xp — Apa ~ KA — 4) 


+EGI—<) taad—<«) 


Since A > 1/e,, the last inequality, taken along with (3.5), gives at once (3.2). 
The definition of 2a, (p) in (3.1) shows that, for all n, 


n ae oe Am 
a < J _ = dx/x — I 
iz » (P) win A, 2 
in the notation of (3.10). The first part of (3.3) is derived from the above 
inequality by arguing as in the passage from (3.10) to (3.12); while the 
second part of (3.3) is obvious from 
— 2 


a : m a Am 
EN 7 “7 dx|x — Iq > logd — | Iq|- 
vei v=q+i1 v 4 


To prove (3.4) we start with the definition of ®(t, p), t > 0, viz., 


P(t, p)=0 +0... 0+ Enh (Apf) + x = Aya ¢ (A,t) 


v=pt+1 v 


v 


— 3 > * 140940404... 


veqtl 


Am 


= End (Apt) + i ¢ (xt) x-! dx—Jpy — f $ (xt) x* dx + Jq (Say) 
Ap de 
(3.13) 
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where, by Lemma I and (3.7), 


A 
l\Jn|<k(1+ «) > ® . € 
p p 


Jal < kt 4) 20) — KG +g) O09 — oy. 
q p 


From (3.13) we get 


dot Ame 
P(t, p) < | Ep | + | $ (u) u* du — / $ (u)u* du + | Jp |'+ | Jaq 
Avot dat 


which gives, when we put A,t=x and use (3.12), (3.14), 


z (Am! Age 
® (t, p) < Seg + F ¢ (u) uw! du — / ¢ (u) u-! du 


(Ap/Age 


z zh 
< Séot+ | > (u) wu? du— ‘f (u) udu, A= A+ k(l on 
ZlA 2 Dp 
by (3.9). Hence 


D(t,p) <Seo+ fb Wu du + | [$C du— (3) wrdu}. B.19 


alA 


An upper estimate for the second term on the right side of (3.15) is 
. kK(l+«)] _ 
log = log [1 + = ]<e 


as in (3.12); while an upper estimate for the third term (in flower brackets) 
on the right side of (3.15) is, by (3.8), 
€o + log A — To. 


Using the above two upper estimates in (3.15), we get at once (3.4) and 
conclude the proof of Lemma III. 


4. PROOF OF THEOREM D 


After Theorem C, part (i) of Theorem D needs no proof as already 
stated. 


To prove part (ii) of Theorem D we proceed in this wise. We obtain a 
series 2 a,, by the termwise addition of series XY a,(p;), 2 ay(po), ---, alll 
of the type of 2 a,(p) in (3.1). If the sequence of positive integers p,, 
r=1,2,..., is increasing and such that the series Y a, (p,) do not overlap 
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when added termwise, the series got by addition will plainly satisfy the follow- 
ing two conditions. First, on account of the restriction on £p, similar to (3.2), 


lan| An _ 1. 


lim su 
P An ies Ana 


Secondly, since 
a, = a= a, (Pr_a)s PriaS n< Pr > 
v=1 


it follows from (3.3) that 
lim sup 3 a,= log. 


vel 


If further {p,} can be chosen so that ® (1), representing the ®,-transform of 
Zap, satisfies the inequality 


@(t)<- e+logA—7my, O<t<t,, (4.1) 


for any small « > 0, it will follow that the series 2 a, falsifies (2.5) when 
7) is replaced 7) — « and the proof of Theorem D (ii) will be complete. 


A choice of {p,} satisfying these requirements may be made as follows. 
Corresponding to the given « > 0, we first choose «, so that 


699 + eqh<e«, (4.2) 


and then «,, p, A as in (3.5), (3.7), (3.8) respectively, thus determining 
Zay(p). We take p,=p and then find ¢, so that 


| D(t, p,) | < <9 for t<t,, 


this being possible since ® (1, p,) >O0ast-—--+ 0. We next choose p, so that 


Ap, > A7Ap,, A= AH Ki + 4) 


Ap, 


thus ensuring that the series 2 a,(p,), 2 an (p.) do not overlap when added 
termwise. The choice of p, for r> 3 and of ¢, for r> 2 may now be defined 
inductively as follows. After choosing p,, po... Pr and t, to, 


*ee lr_o 
(r> 3), we choose first t,., and then p, so that 


E\OG P|) | < 60 fort<t, (4.3) 


Ap, > A? Ap : (4.4) 


f $ (u) uw du < &. (4.5) 


Epng A-a4p, 
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A choice of t,_, and p, as in (4.3) and (4.4) is clearly possible, while a choice 
of p, so as to satisfy additionally (4.5) is rendered possible by the convergence 
at co of the integral in (4.5). 


Having chosen {p,} and {f,} as in the preceding paragraph, we proceed 
to consider, for t, < t<tp,, r>2, 


P(t) = F Olt, pj) + Op) + FY PU, p}). 
j=1 j=erti 
By the condition on Ep,» j >r + 1, similar to (3.2) and the condition obviously 
satisfied by the other terms of 2 a,, we obtain from the last step 


My Mot (A, 1). (4.6) 


V=Pr+1 v 


r—l rae 

® (t) < 2 | ® (1, pj) | + ® (1, Pr) +t + <y) ps 
j= 

Now 


0<F * x rt $(A, 1) < J ¢(xt) xt dx= /¢$ (u) u-! du 


= v 
v=Pr+1 Natta D-atp 44 


< f4 (u) udu < & (4.7) 


Ty -a4+p,44 


by (4.5). Using (4.3) in the first term of (4.6), (3.4) in the second term 
and (4.7) in the third term, we get 


® (t) < £0 (9 + €) + log A— 7%}, tp < t< bry (r > 2). (4.8) 


(4.8), taken along with (4.2), gives (4.1) and so completes the proof of 
Theorem D (ii). 


5. THE TAUBERIAN CONSTANTS FOR SOME SPECIAL ®,-TRANSFORMS 


Theorems C, D are applicable to the following cases of the kernel 
us (u) each of which defines a familiar method of summability whose name 
is indicated in brackets. 


(1) d@w)=k (1 — uw)" for 0 <u<1, Oforu > 1, wherek >0 
(Riesz). 


(2) #(u) =e (Laplace-Abel). 


(3) o@) = gett where k > 0 (Stieltjes). 
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(4) ¢@) =— = wr) foru>0O (Lambert). 


2 sin? u , 
(5) %(u)  S for u >0 (R, or Riemann second-order). 

If the values of 7, corresponding to (1), (2), (3) above are denoted by 
7(R, k), to (A), 7 (S, k) respectively then, as k — oo, 


(@) 7(R, &) t 79(A), (ii) 7» (S,k) | 79(A). 


(i) follows from considerations first put forward by Garten in a similar con- 
text* (pp. 323-24). (ii) is an observation due to Agnew? (p. 505). 
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INTRODUCTION 


WHILE studying the effect of surface active substances on the kinetics of 
discharge of metallic ions at the dropping mercury electrode in pulsating 
fields! it was observed that the velocity of discharge was greatly brought 
down by the presence of such substances as gelatine. An elegant technique 
based on measurement of phase difference has been used by Randles? who 
has reported that addition of gelatine brought down the rate of discharge 
of cadmium ion by a thousand times. Keilin has also made a similar 
observation in polarographic measurements. This has been attributed to 
the surface active substance getting adsorbed at the mercury surface and 
hindering the electrode processes in the covered areas. The adsorption of 
surface active substances is also known to lower the capacity of the electric 
double layer and is often responsible for low values of capacity reported in 
literature. From the point of view of studying the adsorbability of surface 
active substances at mercury-aqueous interfaces, it would be better to investi- 
gate the latter phenomenon as the number of complicating factors is smaller 
and the results would be easier to interpret. 


The first detailed investigation of the effect of surface active substances 
on the capacity of the dropping mercury electrode was made by Proskurnin 
and Frumkin.» Their experiments showed the existence of two maxima 
with a strong depression in the middle part in the capacity potential curve 
of sodium sulphate saturated with octyl alcohol. These features were con- 
firmed by the more precise measurements of Grahame.* The pulsating 
field technique® as modified in this laboratory is found to be very convenient 
for the investigation of these phenomena.’ Breyer and Hacobian have also 
used a similar technique for such investigations.* Interesting results have 
been obtained with regard to the behaviour of bromocresol purple at the 
mercury-aqueous interfaces.» '° The present work relates to the effect of 
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the frequency of the a.c. ripple on the behaviour of the surface active sub- 
stances at the dropping mercury electrode. 


EXPERIMENTAL 


Materials used—\i. Isobutyl alcohol was Merck’s purest quality, 
redistilled twice in an all-glass apparatus collecting the fraction boiling from 
106°-108° C. 

2. Lauryl-p-toluidine-2-sodium sulphonate was a purified sample 


kindly prepared and supplied by Dr. K. Venkatraman, Director, Depart- 
ment of Chemical Technology, Bombay University. 


3. The mercury used for the dropping and the pool electrodes was 
purified by passing several times through Meyer’s column, washed with 
distilled water, dried and passed through a sintered glass filter. 


4, The other chemicals used were of ‘Analar’ quality of B.D.H. 


Technique of measurement.—The technique (Fig. 2) consists in applying 
to the dropping mercury electrode a 45 mv. (r.m.s.) a.c. ripple of the required 
frequency over the d.c. potential and observing the alternating component 
of the resulting pulsating current. The B.S.R. oscillator of (B.S.R. Ltd., 
Berks, England) was used as the source of the alternating current. The 
frequency could be adjusted to any desired value. It was found, however, 
that the output voltage of the oscillator was fluctuating rather too much. 
To avoid this, the output of the oscillator was fed into a multipurpose 
amplifier fabricated as per our specifications by the Central India Radio, 
Kanpur, the line diagram of which is given in Fig. 1. The amplifier gain 
was adjusted to get an output of 220 volts. This was passed through a 
mains resistance and a current regulator lamp. The potential drop across 
the mains resistance was thus maintained constant within one per cent. and 


had a good wave form. The a.c. ripple was obtained from this by a suitable 
potentiometric arrangement. 


Normally the experiments were done employing the series circuit as 
shown in Fig. 2. With a view to see if the reduction of the resistance of 
the system has any effect on the behaviour, an experiment was conducted 
with the a.c. ripple applied to the dropping mercury electrode by a parallel 
arrangement as shown in Fig. 3. The required d.c. voltage obtained from 
the potentiometer A was applied between the dropping mercury electrode D 
and the pool electrode P. The heavy inductance I helped to prevent the 
ac. passing through the d.c. potentiometer. The a.c. ripple obtained by 
the arrangement described earlier was applied between D and P. The con- 
denser C helped to prevent the draw of the d.c. current from the system 
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CIRCUIT DIAGRAM OF THE AMPLIFIER. 
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through the a.c. circuit. The d.c. potential; between the dropping mercury 
electrode and the pool electrode were measured in every case directly 
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by means of a d.c. potentiometer. The potential of the pool electrode was 
also measured with reference to the saturated calomel electrode. The d. 
potentials of the dropping mercury electrode were then calculated as referred 
to the saturated calomel electrode and these values have been used for 


plotting in the graph. Decinormal potassium chloride solution was used # 
the indifferent electrolyte. 


The behaviour of isobutyl alcohol is shown in Fig. 4. The behaviow 
of lauryl-p-toluidine-2-sodium sulphonate is shown in Figs. 5 and 6, th 
former gives the results obtained by the usual series circuit arrangemttl 
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and the latter by the parallel circuit arrangement, described in this paper 
(Fig. 4). 


DISCUSSION 


A. General features.—An examination of Fig. 4 shows that isobutyl 
alcohol shows as usual a maximum depression of the dropping mercury 
electrode capacity in the neighbourhood of the electrocapillary zero. At a 
potential of about 1-2 volts the desorption peak develops. There is a clear 
indication of the development of another desorption peak on the anodic 
side of the electrocapillary zero as well, 
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Lauryl-p-toluidine-2-sodium sulphonate shows a similar depressing 
effect on capacity near the electrocapillary zero. At more cathodic poten. 
tials there are two desorption peaks exhibited. The first of them occurs at 
potentials at which the depression of the capacity is yet very effective and 
even at potentials very close to the peak the per cent. Aj; is negative. This 
novel behaviour indicates a considerable change in amount of adsorption 
with potential; but the change is attended by relatively small transfer of 
electric charge across the interface. The second desorption peak occurring 
at still higher cathodic potentials (1-35 V) is a peak of unusually high magni- 
tude reminding one of a reduction peak corresponding to a polarographic 
wave. This is not a reduction peak as this compound has no easily reducible 
group responding polarographically at this potential. The peak is not caused 
by any delayed reduction of oxygen, as the de-aerated solution shows nearly 
the same magnitude of the peak. The unusually high magnitude of this 
desorption peak is therefore presumably caused amongst other factors by 
the ionised end group bringing about large changes in the distribution of 
ions during sorption and desorption. 


B. Effect of frequency.—One interesting feature is that the depression 
of the capacity due to adsorption at 0-5 volts d.c. is nearly independent of 
frequency from 50 to 1,000 cycles in both the systems studied. Any further 
increase in frequency decreases the depression of capacity due to adsorption. 
This behaviour indicates that whereas the adsorption film effectively hinders 
electrode processes that give rise to the condenser current at low frequencies, 
the film does not appear to have any considerable deterrent action on the passage 
of the high frequency current. This new fact is of profound significance 
and extension of these studies to other systems is likely to reveal the mecha- 
nism of the condenser current. 


The increase of frequency is found to lower the main desorption peaks 
in both the systems examined (Figs. 4 and 5). It is to be noted that the per 
cent. increase of a.c. has been plotted and hence is of great significance. It 
may be recalled that the technique of measurement is such that the change 
of frequency does not introduce any error in the measurement." It is, 
however, possible that at very high capacities and frequencies the resistive 
impedence of the system may become an important of the total impedance 
and influence the results. This was confirmed by the experiments using a 
parallel circuit (Fig. 4), involving very low resistive impedence, which gave 
higher peaks at the high frequencies (Fig. 6). The general behaviour 
however was reproduced by the parallel circuit as well, showing a decrease 
of the magnitude of the main desorption peaks with increase in frequency. 
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This amazing feature is revealing and shows that there are certain slow processes 
contributing towards passage of clectric charge through the interface during 
sorption and desorption cycles. \t may be that the sorption and desorption 
processes themselves may take time or it may be that the other attendant 
processes such as distribution of ions may be slow. This is a matter for 
further investigation. 


SUMMARY 


Increase in frequency is found to lower the depressing effect of the 
adsorption films of surface active substances on the dropping mercury elec- 
trode capacity. This fact appears to be of great interest from the point of 
view of elucidating the factors controlling the condenser current. Increase 
in frequency decreases the desorption peaks which points at the existence 


of some slow processes controlling the passage of electric charges during the 
sorption and desorption cycles. 
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it has long been known that the rotatory power of quartz increases when 
the temperature of the crystal is raised (Soleil, 1845; Dubrunfaut, 1846). 
Numerous investigations dealing with this effect are on record, and these 
have been reviewed in detail by Sosman in his treatise on the properties of 
silica (A.C.S., 1927, pp. 688-97). Measurements are available over a wide 
range of temperatures, from — 180° to 900° C., but no attempt appears to 
have been made to give a theoretical explanation of the phenomenon. 


In an earlier paper (1952) the present author had shown that the rotatory 
dispersion of quartz is accurately represented from the visible to the extreme 
ultraviolet by a simple formula involving only two constants, viz., 


p= ka? /(A — Ay”)? (1) 
where k = 7-186 and A,=0-0926283 ». The above formula is also expres- 
sible in the form 

p=av2/(v92 — v2)? (2) 
where v=1/A and a=k/A,*. Taking <a’ to be constant but v, to vary with 
the temperature, we get on differentiating (2) 


dp _—s_ 4av?v,” 4k 
dt (v2 — y2)8 Xo = (A? — d,2)8 Xo (3) 


1 dv, 1 dr 
~%ae & & 
Hence, the temperature coefficient 

1 dp 4\2 


p dt ~ (X®— Kgs) * 9 


Co 


It was shown earlier (/oc. cit.) that the temperature variation of the rotatory 
power was calculable on the basis of (3), the rate of shift of the characteristic 
frequency with temperature being found to be roughly the same as that 
290 
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estimated from the thernial variation of the refractive indices of quartz. 
However, the available data are inadequate for a complete verification of 
the theory. From (4), it will be seen that one of the consequences of the 
theory is that the temperature coefficient should exhibit an increase with 
decrease of wavelength. Soret and Sarasin (1878) have reported a slight 
increase in the temperature coefficient in the ultraviolet, a fact which appears 
to be supported by Molby’s observations (1910). But a series of measure- 
ments extending over a wider range of wavelengths is necessary before we 
can arrive at any definite conclusion regarding this matter. 


In the present work, the thermal variation of the rotatory power of 
quartz has been measured from 30° to 410°C. for a range of wavelengths 
extending from about 6000 A to 2500 A. It is shown that the theoretical] 
calculations agree very well with the observational data. The temperature 
coefficient is found to increase with decrease of wavelength, a fact which 
is also to be expected from the theory. 


2. EXPERIMENTAL DETAILS 


Two rods of quartz, cut perpendicular to the optic axis and of fairly 
good optical quality were used for these experiments. By measuring their 
rotatory powers at room temperature for a few wavelengths they were tested 
to be homogeneous and untwinned. The length of the rods were 90-02 mm. 
and 41-05 mm. respectively. 


The quartz crystal selected for the measurement was first wrapped up 
completely by a thin copper foil (except for two small apertures at the two 
ends to allow for the passage of light), so as to eliminate any possible varia- 
tions of temperature along its length. A layer of asbestos was wrapped 
around the copper foil and the crystal was pushed into a thin-walled porcelain 
tube whose length was about two or three times the length of the quartz. 
Nichrome wire of suitable gauge was wound on the outer wall of the tube. By 
passing a current through this coil, the crystal could be heated to any desired 
degree. A calibrated thermocouple inserted between the copper foil and 
the asbestos served to measure the temperature of the crystal. The spectro- 
polarimetric arrangement and the method of procedure were the same as 
described in Section 2 (c) of an earlier paper on the redetermination of the 
rotatory dispersion of sodium chlorate (1953). The positions of extinctions 
of the different spectral lines were measured first for the room temperature 
and then for the higher temperatures. The differences in the rotations could 
be read off directly for several wavelengths from 5800 A to 2536 A. In order 
to have large increases of rotation, so that the accuracy of experiment may 
not be too low, measurements were not made at very small intervals of 
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temperature. With the larger specimen, it was possible to go only upto 
200° C. as it unfortunately developed cracks at higher temperatures. But 
with the smaller specimen, the readings were extended upto about 410°C, 
The values of dp/dt obtained with the two specimens for the different tempera- 
ture ranges are tabulated below. The data obtained with the bigger speci- 
men are more accurate on account of the larger increases in rotation. As 
is the convention generally adopted (Sosman, Joc. cit.), the values of the 
rotatory power at all temperatures are expressed in terms of the thickness 
at room temperature. Throughout p is expressed in degrees per mm. and 
A in microns. 


TABLE I 





| Specimen I Specimen II 
| Thickness 90-02 mm. Thickness 41-05 mm. 





| | 
31° to 185° C. | 28° to 199° C. 199° to 410°C. 





Increase | | Increase [Increase | 
| in Rotation | dp 5.103 | in Rotation | dp _ 103 | in Rotation | dp : 

measured | dt” measured | dt” measured dt’ 
in degrees | in degrees | in degrees | 


-2536 380 
-2652 340 
-2753 as 
-2804 295 
-2894 260 
-2967 247 
3022 235 
-3126 210 
- 3340 180 
-3650 143 
-4046 111-5 
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for 15790, r= 160x 10-8 
for A 2536, r= 184x 10-* 


The present value for 45790 compares favourably with Gumlich’s value of 
154x 10-* for the range 15° to 174° C. and Le Chatelier’s value of 163 x 10-¢ 
for the range 20° to 280°C. (Sosman, Joc. cit.). Also it will be seen that 
the temperature coefficient exhibits an increase with decrease of wavelength. 
As has already been pointed out, this is to be expected from (4). 


3. THEORETICAL CALCULATION 
Substituting for k and A, and giving a suitable value for X, in equation (3), 
the values of . have been calculated for the different wavelengths and for 


different temperatures. These are given together with the experimental 
values in Table II. The agreement can be seen to be very satisfactory. 


TABLE II 





dp/dt x 10° 





31° to 185°C. | 28° to 199°C, | 199° to 410°C. 





Theor. Theor. 
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Molby (/oc. cit.) has measured the rotatory power both at liquid air 
temperature and at room temperature over the entire visible spectrum. The 
temperature coefficient for this range has been calculated earlier (Joc. cit.) 





294 S. CHANDRASEKHAR 


in the same manner using equation (3). The value of x, is found to be much 

less for this range on account of the diminution of the temperature. In 

general X, increases with rise of temperature as will be evident from Table III. 
TABLE II] 


Temperature Range Xo x 


—188° to 20° 
31° to 185° 


199° to 410° 5-05 


The value of x obtained in the present calculation is roughly the same 
as that estimated from the thermal variation of the refraction of quartz and 
increases in the same manner with rise of temperature (author, /oc. cit.), 
Considering that the temperature coefficient of the rotatory power is nearly 
thirty times the coefficient of the refractive index for 5893 A and that 
the various dispersion frequencies and their strengths are not uniquely known, 
this agreement should be considered as excellent. 


In the derivation of (3) we have considered ‘a’ to be invariable with 
temperature. This assumption is not altogether unjustifiable. Except for 
the oscillator strength, the quantity ‘a’ is purely dependent on the changes 
in volume of the crystal. Numerous experiments on the stress-optical effects 
in quartz have shown that the rotatory power remains unaltered at all pres- 
sures, thus indicating that it is insensitive to changes of volume (Sosman, 
loc. cit., pp. 768-70). The oscillator strength is also constant with tempera- 
ture, at least to a first approximation, for, Ramachandran (1947) has shown 
in a series of papers dealing with the theory of thermal variation of the refrac- 
tive indices of solids that the numerical calculations are in quantitative accord 
with the experimental data only on this basis. Therefore, we may without 
sensible error assume ‘a’ to be unaltered with temperature. The only way 
then to explain the temperature variation of the rotatory power is by assum- 
ing that v, shifts with temperature, and we have just seen that there is enough 
evidence in support of this idea. 


The author’s best thanks are due to Prof. Sir C. V. Raman for the keen 
and encouraging interest he took in this investigation. 


4. SUMMARY 


The temperature variation of the rotatory power of quartz has been 
measured from 30° to 410°C. for a range of wavelengths extending from 
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At 
exhibits an increase in the ultraviolet. The rotatory dispersion of quartz 


is accurately expressible from the visible to the extreme ultraviolet by a 


6000 A to 2500 A. It is found that the temperature coefficient (; + 
0 


formula of the form p= av?/(v,2 — v?)?, where v= = Taking ‘a’ to be 
invariable with temperature (for which reasons have been put forward) but 
vy, to vary with it, the thermal variation of the rotatory power has been 
calculated over the whole range of wavelengths for the different temperatures. 
The theoretical calculation agrees very well with the observational data, 
the rate of shift of vy being found to be roughly the same as that estimated 
from the thermal variation of the refraction. It is shown that theoretically 
we should expect the temperature coefficient to increase with decrease of 
wavelength, a fact which is confirmed by experiment. 
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TureEE-Hydroxy primetin was prepared earlier by Seshadri et al. by nuclear 
oxidation using 3-methoxy-5-hydroxy flavone. In view of the recent simpli- 
fication in the preparation of 2-hydroxy-3: 6-dimethoxy acetophenone,’ 
the alternative method using this ketone as the starting point has now been 
adopted. Condensation with benzaldehyde to yield the corresponding 
chalkone has already been reported by Ballio and Pocchiari.? The chalkone 
has now been converted into the corresponding flavanone (I a) and finally 
into the dimethoxy flavonol (II a) using a modification’ of the method of 
Kostanecki. The trimethoxy flavone (III a) obtained on methylation agrees 
with the sample prepared earlier! As a useful reference compound for 
analytical study in this series, alkali fission of the trimethoxy flavone (III a) 


has been carried out and the properties of 2-hydroxy-w: 3: 6-trimethoxy 
acetophenone (IV) recorded. 


Using veratraldehyde in the above series of condensations 3: 5: 8: 3':4' 
pentamethoxy flavone (III 5) and the corresponding pentahydroxy flavone 
have also been saan The same pentamethyl ether is obtained by the 
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condensation of the fission ketone (IV) with the anhydride and sodium salt 
of veratric acid (Allan-Robinson condensation). That there is no isomeric 
change during the demethylation of the flavonol methyl ether (II 5) by means 
of hydriodic acid has also been proved by the remethylation of the penta- 
hydroxy flavone whereby the same pentamethoxy flavone (III 5) is again 
formed. A similar report was made earlier in the preparation of 3-hydroxy 
primetin.* 

Recently Kurth and Hubbard® isolated a pentahydroxy flavone from 
Ponderosa Pine Bark and concluded that it should have the constitution of 
3: 5:8: 3’: 4’-pentahydroxy flavone. The properties recorded in this paper 
for the synthetic pentahydroxy flavone, its acetate and methyl ether do not 
agree with those of the natural product and its derivatives. 


EXPERIMENTAL 


5:8-Dimethoxy flavanone (I a) 


2-Hydroxy-3: 6-dimethoxy chalkone*® (1-5 g.) was refluxed with alcohol 
(100 c.c.) and conc. sulphuric acid (2:5 c.c.) for 35 hours, diluted with water 
(100c.c.) and the alcohol distilled off under reduced pressure. The solid 
product crystallised from ethyl acetate as colourless prismatic needles and 
rods, m.p. 163-64° C. Yield, 1-0g. (Found: C, 71-7; H, 5-6; C,,H,,0, 
requires C, 71-8; H, 5-6%). It gave no colour with alcoholic ferric chloride 


solution. 
3-Hydroxy-5 : 8-dimethoxy flavone (IT a) 


The dimethoxy flavanone (0-5 g.) was dissolved in alcohol (50 c.c.) 
and to the boiling solution iso-amyl nitrite (3 c.c.) and conc. hydrochloric 
acid (30 c.c.) were added alternately in small quantities at a time, with stir- 
ting. The solution turned bright yellow first and finally bright reddish 
orange. The hot solution was allowed to cool slowly and stand for 2 hours 
with occasional shaking. It was then diluted with water (200 c.c.) and with- 
in a few minutes crystals of the flavonol separated out. This was filtered 
off and crystallised from ethyl alcohol as yellow needles and long rectangular 
plates, m.p. 191-92° C. Yield, 70 mg. (Found: C, 66-8; H, 4-5; C,,H,,O,, 
+H,O requires C, 66:5; H,4-9%). A further quantity (30 mg.) was obtained 
from the mother liquor which was extracted with ether. The ether solution 
was extracted with sodium hydroxide (2%) and the alkaline solution acidified 
and re-extracted with ether. On distilling off the solvent an oil was obtained. 
It was heated with a mixture of glacial acetic acid and concentrated hydro- 
chloric acid (1:1; 10c.c.) on a water-bath for 30 minutes. On dilution 
with water a solid product was obtained which on crystallisation from ethyl 

A3 
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alcohol melted at 191-92°. It gave a brown colour with alcoholic ferric 
chloride solution. 


3: 5: 8-Trimethoxy flavone (III a) 


3-Hydroxy-5: 8-dimethoxy flavone (0-8 g.) was dissolved in acetone 
(150 c.c.) dimethyl sulphate (0-4 ¢.c., excess) and ignited potassium carbo. 
nate (2 g.) added and the mixture refluxed for 8 hours. The solution was 
filtered off, the solvent evaporated and the residue treated with water to 
decompose the excess of dimethyl sulphate. The solid product gave no 
colour with alcoholic ferric chloride solution and crystallised from methyl 
alcohol as pale yellow stout prisms melting at 169-70° alone or admixed 
with the sample prepared earlier.’ Yield, 0-8 g. In the earlier description 
of the trimethoxy flavone the melting point was wrongly reported as 121-22°, 
On re-examination of the sample it was found to melt at 169-70°. The lower 
melting point seems to be therefore an error. 


2-Hydroxy-w : 3: 6-trimethoxy acetophenone (IV) 


The above flavone (0-6 g.) was dissolved in absolute alcoholic potash 
(50 c.c.; 8%) and the solution refluxed over a water-bath for 8 hours. The 
alcohol was then distilled off and the residue treated with water (50 c.c.), 
The alkaline solution was extracted with ether to remove any unchanged 
product, acidified with hydrochloric acid and re-extracted with ether. The 
ether solution was washed with sodium bicarbonate and then with water. 
After the ether was distilled off, the residue crystallised from dry ether as 
deep yellow elongated and stout rectangular prisms, m.p. 102-3°C. Yield, 
0:2g. It gave a green colour with alcoholic ferric chloride solution 
(Found: C, 57-9; H, 5-9; C,,H,,4O; requires C, 58-3; H, 6-2%). 
3: 5:8: 3’: 4'-Pentamethoxy flavone (Allan-Robinson condensation) (IIT») 


An intimate mixture of the above w-methoxy ketone (1 mol; 0-15g,), 
veratric anhydride (2-5 mol; 0-58 g.), sodium veratrate (1-6 mol; 0-25g,) 
was heated under reduced pressure at 170—-80° for two and a half hours. The 
cooled product was dissolved in alcohol (36 c.c.) and water (3 c.c.) containing 
sodium hydroxide (3-7 g.), and the solution refluxed for 15 minutes. The 
alcohol was then removed under reduced pressure, and water (35 c.c.) added, 
when the pentamethoxy flavone separated out. It crystallised from ethyl 
alcohol as very pale yellow needles and rectangular prisms, and melted at 
154—-55° C. 


5:8: 3’: 4'-Tetramethoxy flavanone (Ib) 


2-Hydroxy-3: 6: 3’: 4’-tetramethoxy chalkone (1 g.) was dissolved in 
alcohol (100 c.c.) and concentrated sulphuric acid (2-5 ¢.c.) added. The 
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mixture was refluxed for 40 hours, and the product worked up as in the 
earlier case. The flavanone crystallised from a mixture of ethyl acetate 
and petroleum ether as colourless prismatic needles and rods; m.p. 141-42° 
(Found : C, 66:2; H, 5:6; C,,H.~O, requires C, 66-2; H, 5-8%). 


}Hydroxy-5: 8: 3’: 4’-tetramethoxy flavone (IIb) 


The tetramethoxy flavanone (0-5 g.), alcohol (40 c.c.), iso-amyl nitrite 
(3c.c.) and concentrated hydrochloric acid (30c.c.) were used accord- 
ing to the procedure already described. The main yield of the flavonol 
crystallised from methyl alcohol as yellow rectangular plates; m.p. 184-85°. 
Yield, 50mg. (Found: C, 63-3; H, 5-2; C,,H,,O, requires C, 63-7; H, 
5-0%). A further quantity (50 mg.) was obtained by working up the mother 
liquor as already described. The flavonol gave a brown colour with alco- 
holic ferric chloride. 


The acetate was prepared by heating the above product with acetic 
anhydride and a drop of pyridine. It crystallised from ethyl acetate-petro- 
leum ether mixture as almost colourless thick rhombohedral plates, m.p. 
178-79°. 


3:5:8:3': 4’-Pentamethoxy flavone (IIIb) 


The methylation of the above flavonol (50 mg.) was carried out using 
acetone (50 c.c.), dimethyl sulphate (0-43 c.c., excess) and potassium carbo- 
nate (1g.) according to the procedure already given. The pentamethyl 
ether crystallised from a mixture of ethyl acetate and petroleum ether as 
very pale yellow needles and rectangular prisms; m.p. 154-55°C. Mixed 
melting point with the sample prepared by the Allan-Robinson method 
was undepressed. Yield, 40mg. (Found: C, 64-4; H, 5-3; CypH2,0, 
requires C, 64-5; H, 5-4%). / 


3: 5:8: 3’: 4’-Pentahydroxy flavone 


5:8: 3’: 4'-Tetramethoxy-3-hydroxy flavone (0-2 g.) was dissolved in 
acetic anhydride (Sc.c.) and to the cooled solution was added hydriodic 
acid (5c.c.) carefully. The solution was refluxed for two hours in an oil- 
bath at 145-50°. It was then poured into crushed ice and treated with a 
saturated solution of sodium bisulphite (15 c.c.). The solid product was 
filtered and crystallised from dilute methyl aicohol when it separated as 
yellow tiny prisms; m.p. 265-66° with sintering at 248-50°C. Yield, 
0-1 g. (Found: C, 59-3; H, 2-9; C,;H,,O, requires C, 59-6; H, 3-3%). 
With alcoholic ferric chloride it gave an olive green colour changing to olive 
brown; solutions in aqueous sodium hydroxide and carbonate had an orange 
colour which faded. 
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The acetate was prepared by heating the above product with acetic 
anhydride and a drop of dry pryridine. It crystallised from a mixture of 
methyl alcohol and ethyl acetate as lens-shaped crystals; m.p. 233-35° C, 


The pentahydroxy flavone was remethylated in acetone solution with 
excess of dimethyl sulphate and potassium carbonate. The methyl ether 
crystallised from a mixture of ethyl acetate and petroleum ether, mp, 
154-55° C. Mixed melting point with pentamethoxy flavone obtained by the 
methylation of 5: 8: 3’: 4’-tetramethoxy flavonol and by the Allan-Robinson 
method was undepressed. 


Our thanks are due to Dr. S. K. Mukerjee for microanalysis. 


SUMMARY 


Starting from 2-hydroxy-3: 6-dimethoxy acetophenone a new synthesis 
of 3-hydroxy primetin has been effected and by alkali fission of the tri- 
methyl ether 2-hydroxy-w: 3: 6-trimethoxy acetophenone has _ been 
prepared. Using the same procedure (modified Kostanecki’s method) 
3: 5:8: 3’: 4’-pentahydroxy flavone, its pentamethyl ether and penta-acetate 
have been obtained. The properties of these compounds are different from 
those of the pentahydroxy flavone and its derivatives obtained from Ponderosa 
Pine Bark. 
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Thespesia populnea is commonly known as the ‘Indian Tulip’. It is a 
species belonging to the botanical family of Malvaceae, and is an evergreen 
tree of moderate size. It has a dry fruit which contains a number of 
seeds. It grows in the coast forests of India, by roadside, especially in 
Madras. 


A. K. Menon! extracted a dark red oil from seeds and reported a 19-6% 
yield of oil calculated on the whole seed. The same author determined also 
some of the characteristics of the oil. Apart from a preliminary investiga- 
tion, the author has not reported any further work. The oil is used in India 
in the treatment of cutaneous infections. Neelakantan, Rao and Seshadri? 
worked on the chemical components of the flowers of Thespesia populnea 
and isolated three yellow pigments Populnin, Populnetin and Herbacetin 
along with a colourless phenolic compound Populneol. 


The purpose of this investigation was to determine the characteristics 
of the oil from the seeds and to make a quantitative estimation of its compo- 
nent fatty acids. 


CHARACTERISTICS OF THE OIL 


Seeds used in this work were obtained from the Chepauk area in Madras 
and were fully ripe. The oil was obtained from the seeds by extracting 
the finely ground meal with light petrol (b.p. 45-65°) and removing 
the solvent under reduced pressure. The oil had a dark red colour, a 
syrupy consistency and a faint agreeable odour. The seeds contained 
about 20% oil. 


The physical and chemical constants of the oil were: 


Ad 
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TABLE | 


Specific Gravity (28°) 
lodine value (Hanus) 
Saponification value 


Acetyl value inappreciable 
Acid value 53 


Unsaponifiable maiter °% Se 0-72 
Reichert-Meissel value me 3°3 
Reichert-Polenske value = 0-37 
Oilcontent ofseed®% .. ne 20-0 


DETERMINATION OF FATTY ACIDS 


This was carried out by the ester fractionation method. The oil was 
saponified with KOH and the mixed acids, after the removal of unsaponif- 
able matter, were separated into saturated and unsaturated fractions by the 
lead salt method. The free acids from the saturated fraction had an iodine 
value of 4-5, and they represented 22-2% of the total acids. The free fatty 
acids from each fraction were converted into the methyl esters and the methyl 
esters were fractioned. The data are reported in Tables II, Il and IV. 


TABLE II 
Fractional Analysis of Methyl Esters of the Solid Acids 
Solid acids 22-2% of total mixed acids 
| | 
Boiling point Saturated acids 


\° C. at about S.E. 
5mm. Hg | 
| 


: : Weight 
Fraction eigh 





Oleate 
150-164 

164-166 

166-168 

168-170 


170-176 


Residue 








Wt. ester 


Wt. acids 


-| 16 
% acid in fraction “| 100-0 


% acid in total mixed acids} 22-2 
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TABLE III 
Fractional Analysis of Methyl Esters of the Liquid Acids 


Liquid acids 77-8°% of total mixed acids 


a . | Satd. Unsatd. acids 
Weight |Boiling point 
88 | °C. at about 
gm. | 


5 mm. Hg 


Fraction 


Cis" Cys?" 





160-180 “ ¢ . | is 1-1 
180-182 -6 | 135-2 
182-185 294-2 35°9 
185-190 8 | +4 
190-200, | 5 | 139-1 


Residue ++ 3+56 -5 | 142-2 








Dc eiceceiannsnsinaarings femmes 
} 


Wt. esters -+ 66. 2-62 
Wt. acids 
% acid in fraction 


% acid in total mixed acids 


TABLE IV 


Fractional Analysis Summary 


Acid Solid Fraction Liquid Fraction Total 


1-0 
21-4 


Myristic 

Palmitic .. ay TX 3-1 
Stearic 

Oleic 

Linoleic ae ms 43-2 


In computing unsaturated or liquid fractions (denoted by L in the 
Tables) the following assumptions were made :— 


1. For fractions containing methyl oleate, methyl linoleate and esters 
of saturated acids the assumption was made that the oleate and linoleate 
distil in the same ratio as in the first pure C,, unsaturated esters. 
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2. For fractions consisting only of pure C,, unsaturated esters the cal. 
culations were based on the iodine values alone. 


SUMMARY 


The seeds of Thespesia populnea yield a semi-drying oil which has a dark 
red colour and a faint agreeable odour. The mixed fatty acids consist of 
myristic, palmitic, stearic, oleic and linoleic acids, the last two being the 
major constituents. 


The fact that Thespesia populnea seeds contain about 20% oil, focuses 


attention on the potentialities of the seeds as a source of oil of industrial 
importance. 
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ABSTRACT 


Adsorption measurements have been carried out for nitrogen on 
the commercial carbon blacks Spheron 6 and Vulcan. The adsorption 
on Spheron 6 is step-wise in the pressure range 0 to 45 mm. (fraction of 
surface covered approximately 10-°), and on Vulcan to at least 0-16 mm. 


Calorimetric measurements of differential heats of adsorption on 
Spheron 6 have shown that they vary with the amount of surface covered 
being greatest at low coverages and decreasing toward the heats of lique- 
faction as a limit.'’* This indicates that the surface of such materials 
contains various types of adsorption sites, having different heats of adsorp- 
tion, and suggests that sufficiently refined measurements would show a 
step-wise adsorption isotherm. This paper reports the results of experi- 
mental studies of the adsorption of nitrogen on the carbon blacks 
Spheron 6 and Vulcan in the pressure range 0-00 to 75 mm., and at 0° 
and 100°C, 

EXPERIMENTAL 


In the earliest series of measurements, carried out by the first author, 
the apparatus was of conventional design. It consisted of a sample con- 
tainer attached to a gas burette, nitrogen reservoir, manometer, and a small 
MacLeod gauge. The gas burette was cylindrical in shape and had a volume 
of about 370c.c. The heights of the various mercury columns were read 
to the nearest 0-1 mm. with a cathetometer. 


The nitrogen was obtained from air by shaking a container partially 
filled with alkaline pyrogallol solution in order to remove the oxygen and 


* This paper contains some of the material presented in the M.A. thesis of J. Garelick 
(Buffalo, February 1948) and in the Ph.D. thesis of H. B. Kirkpatrick (Buffalo, 
June 1951). It was presented at the December 1953 meeting of the Indian Academy 
of Sciences in Ahmedabad. 


> Present Address: Brooklyn, N.Y. 
¢ At present on leave to UNESCO T.A. Programme, Ahmedabad, India, 
¢ Present Address: National Bureau of Standards, Washington, D.C. 
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carbon dioxide. Water vapour was removed by freezing it out in a liquid 
nitrogen trap placed between the reservoir bulb and the gas burette. 


The carbon black sample was a standard commercial grade manufactured 
by the Godfrey L. Cabot Co., and designated Spheron Grade 6. The sample 
was out-gassed by heating it at a temperature of 400° C. for 20 hours, followed 
by | hour at 650°. 


In a later series of measurements by the third author, similar, but more 
refined, apparatus was employed. The whole assembly of gas reservoir, 
burette, and MacLeod gauge was enclosed in a constant temperature air- 
bath maintained at 32°+0-8°C. The side-arm of the MacLeod gauge 
was permanently evacuated to eliminate compression effects, and it had 
three parallel branches made from 11, 7 and 5mm. glass tubing. The 
compression tube on the body of the gauge was divided into three segments, 
of different diameters, matching those of the side arms. A second side-arm 
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Fic. 1. Adsorption of Spheron 6 at 0° C. 


Adsorption O 
Desorption @ 
Second Run (J 


First Run 





Sten-Wise Adsorption of Nitrogen on Carbon Black 307 


connected the body of the gauge to the rest of the system. With this gauge 
it was possible to measure pressures ranging from 10-° mm. to about 30 mm. 
The sample temperature was controlled by an ice-bath or liquids boiling 
under reflux. 


The adsorbate gas was tank nitrogen purchased from the Linde Air 
Products Co. In order to remove whatever oxygen might be present, the 
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Fic. 2. Adsorption on Spheron 6 at 100° C. 


Adsorption @ 


oe Desorption (4) 


Second Run (Adsorption) 4 


nitrogen was passed over hot copper gauze which had been previously 
reduced with hydrogen. No attempt was made to remove inert gases because 


they have a negligible tendency to become adsorbed at the low pressures 
used in these experiments. 


All the carbon black samples were out-gassed at a temperature of 
475°C. This relatively low temperature was chosen in order to avoid the 
changes in structure and adsorption behaviour which carbon black is reported 
to undergo when heated at 700° and higher.*}+;* At this temperature 
several months of pumping were required to evacuate the samples thoroughly 
enough for adsorption measurements in the low pressure range. Despite 
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this precaution changes in the surface behaviour of the carbon blacks were 
encountered and for this reason the isotherms were all measured at 0° and 
no attempt was made to calculate heats of adsorption. The first sample was 
evacuated to a pressure of 10-?mm. and succeeding ones to about 10-. 
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PRESSURE (cm) 
Fic. 3. Adsorption on Spheron 6 at 0°. 
Adsorption O 
Desorption (|) 


RESULTS 
I. Experiments by the First Author 


The adsorption isotherms on Spheron Grade 6 in the pressure range 
0-1 mm., at 0° C. and 100° C., are shown in Figs. 1 and 2. The step-wise 
nature of the adsorption is clearly evident. There is good agreement bet- 
ween the values obtained on adsorption and desorption, except at the very 
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lowest end of the isotherms (about 3 x 10-8 moles N,. per gram), and no 
indication of hysteresis. In the 100° isotherm there is observed at about 
0:53 mm. a prominent step whose contours are qualitatively similar to one 
observed at 0° and 0-58 to 0-67 mm. in the later experiments by the third 
author. 
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Fic. 4. Adsorption on Spheron 6 at 0°. 
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II. Experiments by the Third Author 


First Sample of Spheron 6.—The adsorption data at 0° C., in the pres- 
sure range 4x 10-? cm. to 8cm., are shown in Figs. 3 and 4. 


The adsorption was approximately linear at pressures greater than about 
4-5cm., and exhibited sharp irregularities or “ steps” in the range 4:5 cm. 
to 0-058 cm. At 0-58 mm. there was a very prominent step and below this 


pressure the isotherm was a smooth curve. The points for desorption show 
hystersis. 





310 J. GARELICK AND OTHERS 


Second Sample of Spheron 6.—The isotherm for this sample is also shown 
in Fig. 4. The large step at 0-58 mm. was again observed; but below this 
pressure the adsorption continued step-wise instead of being a smooth curve 
as in the first sample. 
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Third Sample of Spheron 6.—Fig. 5 shows the results of three suc- 
cessive runs on this sample. This sample and the second one were out-gassed 
simultaneously, both being removed from the out-gassing apparatus by seal- 
ing off under vacuum. The third sample then stood under vacuum for 
about | week while measurements were being made on the second. The 
isotherm obtained in the first run has certain features similar to that of the 
second sample, but the overall adsorption is less and the pressure for a definite 
amount of adsorption is higher. In this case the large step occurred at 
0:68 mm. instead of at 0-58 mm. as in the first two samples, 
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After the first run the sample was evacuated at 250° for 24 hours. This 
(reatment produced a startling change in the adsorption. The overall adsorp- 
tion increased slightly and the isotherm became essentially linear in form, 
with only a slight trace remaining of the large 0-6 mm. step. 
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Fic. 6. Adsorption on Vulcan at 0°. 
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Second Run 1 


The sample was then re-evacuated for 5 days at 475°. After this treat- 
ment the overall adsorption was again somewhat increased and the iso- 
therm was linear up to about 0-47mm. At 0-57 mm. there was a definite 
break and the large step seems to have been partially restored. 


Vulcan Sample 


The results for this sample are shown in Fig. 6. The adsorption was 
again observed to be step-wise, although less markedly so than in the case 
of Spheron 6. There was a small step at 0-59 mm. which may correspond 
to the large step observed at about 0-6 mm. in the Spheron samples. 
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A second run was carried out after evacuating the sample for 7 days 
at 475°. Once more the total adsorption increased somewhat and the profile 
of the isotherm changed, the steps becoming less pronounced. 
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Fic. 7. Original Adsorption Equipment used by J. G. 


DISCUSSION 


Beebe and his co-workers have carried out calorimetric determinations 
of the differential heats of adsoprtion on Spheron 6 and have shown that 
they vary with the amount of surface covered. The heat of adsorption is 
greatest at low coverages; as the surface becomes filled in, it decreases, 
at first rapidly and then slowly, approaching the heat of liquefaction as a 
limit. These results, in conjunction with those of the present investigation, 
show that the surface is not uniform and that it seems to consist of regions 
having different adsorptive capacities and heats of adsorption. Those regions 
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having the highest heat of adsorption are the ones on which initial adsorp- 
tion takes place. After these sites are covered, those having the next 
highest heat of adsorption begin to fill in, and the process continues in this 
manner until the monolayer is complete, or at least until the adsorption is 
occurring on a uniform general surface. The breaks observed in the iso- 
therms correspond to the saturation of one class of adsorption sites and the 
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Fic. 8. Adsorption Equipment used by H.B.K. 
A Nitrogen Reservoir 
B Sample Container 
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D_ Gas burette 


beginning of adsorption of a new one. The different classes of sites 


probably consist of crystallite faces, crevices and the edges of graphitic 
layers. 


It has been pointed out in the statement of results that increasing the 
time of de-gassing increases to overall adsorption, and that allowing the 
sample to stand for about one week under vacuum at room temperature 
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has the effect of increasing the pressure for a given amount of adsor- 
ption. 


The best explanation for these observations seems to lie in the ideas 
advanced by S. Chu Liang in an investigation of the adsorption of inert 
gases by glass.° Following Liang, if one considers a heterogeneous surface 
previous to evacuation, it may be thought of as being composed initially 
of adsorption sites having some distribution of adsorptive activity and 
covered with chemisorbed gases. As evacuation at a high temperature 
proceeds, sites of higher and higher activity are uncovered and made avail- 
able for physical adsorption. Thus with longer, or repeated, evacuations 
at high temperatures the quantity of gas adsorbed may be expected to increase 
as observed here in the third Spheron 6 sample and the Vulcan sample. The 
high temperature evacuation produces a surface in which the low activity 
adsorption sites are for the most part uncovered and most of the high activity 
sites are still occupied, the remaining adsorbed gas being distributed in some 
statistical manner over the sites of different activities. It may happen, then, 
that the evacuation is continued at room temperature. Under this condi- 
tion Liang suggests that ‘‘ the activity distribution need not remain constant ” 
and that the surface structure may change in such a manner as to bring about 
a decrease in the number of high activity sites and an increase in the number 


of low activity ones. This increase in the number of low activity sites 


results in a higher pressure’s being necessary to bring about a given amount 
of gas adsorption. 


If such surface changes as Liang describes were to occur in the case 
of carbon black on standing under partial vacuum at room temperature, 
they might well explain the difference in isotherms obtained with samples 
two and three. However it is difficult to imagine that a substance having 
the structure attributed to carbon black by Biscoe and Warren® would change 
its surface structure at any appreciable rate at room temperatures. More- 
over the repeated observations of the large step at about 0-6 mm. indicate 
that the surface is relatively stable even at 475°. 


However a partially evacuated substance standing under vacuum might 
reduce its surface free energy by the redistribution of adsorbed gas toward 
high energy adsorption sites as well as by structural changes and this seems 
a more likely explanation in the present case. 


The striking difference in the isotherms of the first and second samples 
at pressures less than 0:58 mm. is perhaps due to the shorter out-gassing 


of the first sample, which produced a relatively more homogeneous 
surface. 





Step-Wise Adsorption of Nitrogen on Carbon Black 


ACKNOWLEDGMENT 


The authors wish to express their gratitude for financial assistance 


rendered in connection with this work by the Frederick Gardner Cottrell 
Grant-in-Aid for Postwar Scie tific Research. 


REFERENCES 
1. R.A. Beebe, J. Biscoe, W. R. Smith J. Am. Chem. Soc., 1947, 69, 95 and 2294. 
and C. B. Wendell 
——, G. L. Kington. M. H. Polley 
and W. R. Smith 


Ibid., 1950, 72, 40. 
J. Biscoe and B. Warren 


.. J. Applied Phys., 1942, 13, 364. 
P. H. Emmett and R. B. Anderson .. J. Am. Chem. Soc., 1945, 67, 1492. 
C. §. Dewey and P. K. Lefforge Ind. Eng. Chem., 1932, 24, 1045. 
S. Chu Liang J. Phys. Chem., 1953, 57, 84. 





j06-54 = rintecd at The Bangalore Press, bangalore City, by} asudeva Rac 


und Published by The Indian Academy sciences, bangalore 













eet narenaammnepaene 


MCR ESTER aba UENO 


= 
Ff 
¢ 









NOTICE TO AUTHORS 


Scientific papers intended for publication in the Proceedings of the Indian 
Academy of Sciences can be accepted only when they are communicated by a 
Fellow of the Academy whose duty shall be to satisfy himself that such communi- 
cations are fit to be read at the Meeting of the Academy and published in its 
Proceedings. 

Papers should not ordinarily exceed fifty pages of foolscap. MSS. should 
be either typewritten or written in legible hand on one side of the paper. All 
papers should be carefully revised by the authors and should be absolutely in final 
form for printing. Position for text-figures should be indicated. Each paper 
shall conclude with a critical summary not exceeding 350 words. 

Drawings, diagrams or other illustrations should be made on larger scale 
(preferably) twice the size than the ones in which they are intended to appear. 
They should be done in Indian ink on bristol board with lettering in pencil. Scale 
of magnification of camera lucida tracings should be indicated by the side of 
drawings. In certain special cases arrangements will also be made for mono- 
chrome lithographic and other colour plates. Reduction of illustrations desired 
should be indicated in pencil. Appropriate legends should accompany all drawings. 
Names of authors are to be marked in pencil on the left-hand corner of drawing 
sheets. Photomicrographs should be securely mounted with colourless paste. 

All tables, quotations and footnotes which will be set hereafter (beginning 
from Vol. I, No. 2) in types smaller than the text, should be typewritten on sepa- 
rate sheets and placed with the text in proper sequence. Footnotes should be 
numbered in Arabic numerals. 

References to literature in the text should be given, whenever possible, in 
chronological order, only the names of authors and years of publication, in 
brackets, being given. They should be cited in full after the summary, the 
authors’ names following in alphabetical order. Thus, 

Name or Names of author; Name of Journal (abbreviation) with a single 
underline; Year of publication; Number of Volume with a double underline, and 
lastly page. The following would be a useful illustration :— 

Bergmann and Stather........ Z. Physiol. Chem., 1926, 152, 189. 

Two copies of slip-proof and wherever possible, a page proof for final 
revision will be sent to authors. All corrections are best made on the slip-proof 
which should be transmitted to the Office of the Academy. All proof corrections 
involve heavy expenses which would be negligible if the papers are carefully 
revised by the authors before submission. 

Authors will be supplied with reprints of their papers at cost price, if 
intimation is given at the time of returning the slip-proof. 

Blocks appearing in the Proceedings will be available for purchase by their 
respective authors. Orders for the same should be sent along with the corrected 
proofs and in any case not later than one month after the date of publication 
of the paper. The price charged would be 25°/ of the actual cost of the blocks 
plus freight and despatching charges. If the blocks are reproduced in other 
journals or publications, due acknowledgment should be made in them to the 
Proceedings. 

_ The original drawings and plates of blocks appearing in the Proceedings 

will be returned to such of the authors as may require them provided the cost of 
despatching such originals is borne by them. 


CONTENTS 


On the Chromatic Diffusion Halo and Other Optical Effects Exhibited by Pearls 
Sir C. V. Raman and D. Krishnamurti 

On An Absolute Constant in the Theory of Tauberian Series (II). 
. C. T. Rags sopal 
Behaviour of Surface Active Substances at the Dropping Mercury Electrode 
at Different Frequencies of the Applied Field . . . . S.L. Gupta 
The Temperature Variation of the Rotatory Power of Quartz from 30° to 40°C. 
S. Chandrasekhar 
Synthetic Experiments in the Benzopyrone Series. Part XLVII. A ‘New 

Synthesis of 3-Hydroxy Primetin eng ; 

. Ahluwalia oud T. R. Seshadri 
Analysis and Characterisation of the Oil from the Seeds of Thespesia 
ERM Si int ce ies Ge, ee ON Oe! gt er M. R. Subbaram 


The Step-Wise Adsorption of Nitrogen on Carbon Black ; 
ae ae J. Garelick, G. Goldfinger and H. B. Kirkpatrick 


PAGE 


265 


272 





